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.SPECIFICATION essentially passive in the sense that it has a known 
response to an input optical beam , and in effect produces an output 
beam that is slaved to the input beam . 

Since PCMs and photorefractive devices in general are of interest in 
this invention, it will... 

.grating period; in general, however, this shift can be any fraction of 
the grating period. 

Phase conjugation is an optical phenomenon that has attracted 
considerable attention in recent years. Several different ways of 
producing phase conjugated beams have been discussed in the 
literature, including four-wave mixing, stimulated Brillouin scattering, 
Raman scattering, three-wave mixing and photon echo devices. A review of 
various applications of optical phase conjugation is presented by 
Giuliano in Physics Today, "Applications of Optical Phase Conjugation 
April 1981, pages 27-35. A general review of the field is given in A. 
Yariv, IEEE, J. Quantum Electronics QE14, 650 (1978), and in "The 
Laser Handbook Vol. 4", edited by M. L. Stitch and M. Boss, Chapter 4 by 
the present inventor, "Non-Linear Optical Phase Conjugation ", pages 
333-485, North Holland Publishing Co. 1985. 

Basically, a phase conjugate mirror (PCM) produces a 
retro-reflective reflection of an incident beam , with the phase of the 
reflected beam reversed from that of the incident beam at the point 
of reflection. A typical PCM known in the prior art is shown. . . 

.This is illustrated as a four-wave mixer, in which a pair of 
contra-directional laser beams 2 and 4 are directed into an optical 
mixing medium 6. An initializing laser beam E( sub(I)), equal in 
frequency to beams 2 and 4, is directed into the mixing medium from the 
side. As a result of the action of the various beams within the mixing 
medium, a reflected beam RE ( sub(I))*, where R is the coefficient of 
reflectivity, is reflected back in a direction opposite to incident beam 
E( sub(I)). Since power is pumped into the system by beams 2 and 4, 
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the reflector may produce an amplification which makes R greater than 
1 . 

In addition to being retro-reflective to... to a laser beam. In the case 
of a PCM, an encoded phase-conjugated output beam 20A will be produced 

The effect of the modulating signal upon the laser beam will depend 
upon the frequency. . . 

.beams cross-coupled with each other, transferring energy from return 
beam 30 and forming a phase conjugate of the probe beam , the 
phase conjugated beam 32 emerging from the crystal along a path 
which is substantially retro-reflective to the original probe beam 
20. 

A carrier signal provided by alternating voltage source 8 is connected 
in series with. . . 

.interferometers, ring laser gyroscopes, remote beacons, f riend-or-f oe 
identification, fiber communication links, mode-locked phase conjugate 

lasers/resonators, two-wave and four-wave mixer /modulator schemes, and 
many optical mathematical functions information on a desired 
characteristic, such as temperature. It produces a modulating signal 
that varies with the parameter being measured, and is applied to modulate 



.as that shown in the previous figures and identified by the same 
reference numerals. A laser 42 produces a beam that is focused by 
lens 4 4 onto one end of an optical fiber 4 6, the remote end of which 
emits a beam that is collimated by lens 48 onto the photorefractive 
crystal 18. A phase conjugate of the input beam to the crystal is 
directed back through the lens and optical fiber system, the return. . . 

.with the modulating signal from sensor 38. This signal can then be 
extracted from the beam at a remote location from sensor 38 by means of 
a one-way mirror 4 9 in the beam path and a detection unit 50. 
The retro-reflective characteristic of the PCM assures that... 

.which splits the beam and directs it to the two PCMs . The phase 
conjugate return beams from the two PCMs are then directed by element 
62 to an output stage 64, which delivers the combined beams to an 
interf erometric (heterodyne) detector 66. Detector 66 produces an 
output which indicates any frequency differences between the two returned 

beams . Thus, PCM 52 serves as a reference for the beam returned from 
modulated PCM 51, enabling the low frequency modulating signal to be 
extracted by. . . 

. CLAIMS substantially higher frequency range than the frequency of field 
alternation, thereby encoding information onto the phase 
conjugated output beam (20A; 32) substantially through modulation 
of the photorefractive material's electro-optic effect. 

17. The. . . 

.modulating signal within the frequency regime of the field alternation, 
thereby encoding information onto the phase conjugated output 
beam (20A; 32) by modulating both the photorefractive material's 
...of the first beam (22) within the crystal (18) at which a phase 
conjugated output beam (20A, 32) is produced thereby establishing 
a photorefractive grating, and 

means (14, 16, 8; 21; 40; 54; 68) for... 

.19; 38; 56) for modulating the alternating electric field to encode 
information onto the output beam (32; 20A) by means of the 
electro-optic effect in said crystal (18). 

23. The... angle (A) to the fist beam (20) to produce an output beam (32) 
as a phase conjugate of the first beam (20), thereby providing 
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self-pumped conjugate reflection of the first beam (20) . 
34. The method of claim 32, wherein the electric field alternation is 
substantially higher. . . 
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English Abstract 

A system and method of remotely extracting information from a 
communications station by interrogation with a low power beam . 
Nonlinear phase conjugation of the .low power beam results in a high 
power encoded return beam that automatically tracks the input beam 
and is corrected for atmospheric distortion. Intracavity nondegenerate 
four wave mixing is used in a broad area semiconductor laser in the 
communications station to produce the return beam . 

French Abstract 

Cette invention a trait a un systeme et a la technique correspondante 
permettant d'extraire, a distance, une information d f une station de 
communications par une interrogation effectuee grace a un faisceau de 
faible puissance. La conjonction de phase non lineaire du faisceau de 
faible puissance se traduit par 1' existence d f un faisceau de retour code 
a haute puissance qui poursuit automatiquement le faisceau en entree et 
dont la distorsion atmospherique est corrigee. On utilise le melange non 
degenere a quatre ondes intracavitaire dans un laser a grande surface a 
semi-conducteur dans la station de communications afin de produire le 
faisceau de retour. 
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Detailed Description 

Claims 

English Abstract 

A system and method of remotely extracting information from a 
communications station by interrogation with a low power beam . 
Nonlinear phase conjugation of the low power beam results in a high 
power encoded return beam that automatically tracks the input beam 
and is corrected for atmospheric distortion. Intracavity nondegenerate 
four wave mixing is used in a broad area semiconductor laser in the 
communications station to produce the return beam . 

Detailed Description 

... as provide an automatic pointing and 
tracking function. 

In order to produce a remotely interrogated phase conjugate 
communication link, the following sequence of events may occur as 
shown in Figure 2. First, the probe beacon 232 from a source 200 
illuminates the general area of a sensor 202 having a RM-PCM 202a with a 
broad beam . The RM-PCM 202a is an optical, passive device. Second, the 
RM-PCM 202a generates a retroref lected beam 236 by self-pumped phase 

conjugation , establishing a communication link (comlink) between the 
source 200 and the sensor 202. Third, the data 240 to be transferred from 
the sensor 202 is encoded on the return beam 236 by modulating the 
phase 

conjugate reflectivity of the RM-PCM 202a. The wavefront of the 
incident 

beam 232 is reversed or phase organized to produce the retroref lected 
beam 236. Fourth, the retroref lected beam 236 propagates back to the 
source 200 substantially retracing its path, correcting wavefront 
distortions, and providing automatic pointing and tracking. The 
retroref lected beam 236 reaches the source 200 where a beam splitter 
238 

intercepts the retroref lected beam 236, the output of the beam 
splitter 238 is decoded it in a decoder 242 and the data 244 is retrieved 



. .a high signal to 

noise communications link to be established. Most low power nonlinear 
optical phase conjugation systems proposed for communication links 
are 

based on photorefractive effects in crystals. These methods often require 
mutual coherence between the signal { probe ) beam and the pump beams 
and generally employ self-pumped non-collinear degenerate four-wave 
mixing configurations. 

The angular rate... 

..of the system angular resolution (AE)=X/d) to the response time of the 
nonlinear phase conjugate 

element. Although low power phase conjugation with self-pumped 
photorefractive crystals can be useful in many applications, it suffers 
from the major limitation that the power transmitted in the 
retroref lected beam will always be a very small fraction of the probe 
beam , a large amount of 

probe beam power will be needed to initiate the link, and since the 
response time of photorefractive... 

. .be limited to extremely low data and 

tracking rates ( sub-kiloHert z (kHz)). For configurations that phase 
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conjugate the retroref lected beam at the probe transmitter, , more 
moderate 

laser powers can be used, but multiple round trips between the probe 
beacon location and the sensor must take place to establish a solid link. 

While operating. . . 

...laser operation 

a requirement for long range operation. Alternate photorefractive 
geometries based on mutually pumped phase conjugation can mitigate 
coherence requirements but can be substantially more complex and still 
suffer from inherent... 

...station capable of receiving said interrogating beam; the 

communication station having a plurality of micro- phase conjugators 
arranged in an array. 

Further aspects of the invention include a system and method 
comprising . . . 

...from a transceivers- 
receiving said interrogating beam at a communication station; encoding 
data onto a phase conjugate beam data and pumping the encoded 
phase 

conjugate reflectivity by nondegenerate four wave mixing; and 
transmitting the encoded phase conjugate beam back to the 
transceiver 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated. . . 

. . . of an 

ordinary mirrors- 
Figure IB discloses a schematic diagram of the operation of a 

phase conjugate mirror; 
Figure 2 discloses a block diagram showing the establishment of 
a communications link using a retro-modulator phase conjugate mirror 
(RM-PCM) ; 

Figure 3A illustrates an elevational view of a mobile platform 
transmitting an interrogating beacon to a ground based sensor having a 
broad area diode laser micro- phase conjugator (or actively 
modulated 
retro-reflector) ; 

Figure 3B is a perspective view of the sensor of... an RM 

PCM based on non-degenerate four wave mixing (NDFWM) in broad area 

semiconductor laser diodes used in the system and method described 

herein; 

Figure 5A is a perspective view of a first approach to obtain two 
dimensional phase conjugation in diode systems using a broad area 
diode 

laser micro- phase conjugator having a plurality of stacked 
commercial 

single stripe diodes; 

Figure 5B is an elevational view of a second approach to obtain 
two dimensional phase conjugation in diode systems using a broad area 
diode laser micro- phase conjugator having a vertical cavity surface 
emitting laser (VCSEL) ; 

Figures 5C and 5D are perspective views of a third approach to 
obtain two dimensional phase conjugation in diode systems using a 
broad 

area diode laser micro- phase conjugator having a modification of a 
broadarea, distributed feedback { a-DFB) laser to allow the 
interrogating beacon 

to access the gain stripe through an aperture in the top of the device; 
Figure 5E is a perspective view of intracavity laser operation of 
the modified broad-area, distributed feedback laser of Figures 5C and 
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513; 

Figure 5F is an elevational view of fourth approach to obtain 
two dimensional phase conjugation in diode systems using a broad area 
diode laser micro- phase conjugator having the modified broad-area, 
distributed feedback lasers in a substantially linear array arrangement; 
Figure . . . 

.of a system and method of optical 

interconnection using a plurality of broad area diode laser micro- 
phase 

conjugators ; and 
Figure 6B is block diagram of the system and method of optical 
interconnection of . . . 

.second (sec)), remotely 

interrogated laser communications system (RILCS) based on nonlinear 
optical semiconductor laser micro- phase conjugators (also known 
herein 

as active retro-modulated micro- phase - conjugators (ARMPCs) ) . Broad 
area diode laser micro-phase Conjugators function as actively-modulated 
retroref lectors which amplify and encode an interrogating laser beam 

and 

return it precisely to the beam source. The term "broad area" will be 

used 

herein to indicate that the micro- phase conjugators are large 
aperture 

phase conjugators in a semiconductor device. An aperture may be 
defined as the acceptance opening or input of a phase conjugate 

system. 

Therefore, the aperture which receives an incoming laser beam may be 
greater than the... 

.an interrogating beacon 302 to a ground based sensor 304 

having a semiconductor laser micro- phase conjugator . Data from the 

sensor 304 is then encoded onto the interrogating beam and a 

retroref lected or return beam 306 is sent back to the aerial platform 

300. 

Figure 3B is a perspective view. . . 

.interrogating beacon 302 at the RM-PCM 310 having a broad area diode 
laser micro- phase conjugator . Sensor 304 further includes a radio 
frequency/global positioning service (RF/GPS) antenna to determine... 

.transceiver 320 mounted on the aerial 

platform 300 and the sensor 304. In operation, diode laser 321 
transmits a 

continuous wave 322 to a probe beacon telescope 324. The diode laser 
321 

may be a frequency stabilized single frequency 1550 nm diode laser used 
in conjunction with an erbium doped fiber amplifier (EDFA) . Frequency 
stabilization of the diode laser 321 may be achieved using 
opto-electronic 

laser stabilization electronics. Probe beacon telescope 324 transmits 
an 

interrogating beam 302 in the general direction of the sensor 304. 
The 

sensor 304 receives the interrogating beam 302 through an input 
telescope 

336 which is coupled to the RM-PCM having a broad area diode laser 
micro- phase conjugator 334. The broad area diode laser micro- phase 

conjugator 334 will receive the interrogating beam 334 and will 
return a 

phase conjugate beam encoded with data collected by the sensor head 



November 5, 2002 



314 

to the transceiver. The interrogating beam 302 operating at frequency 
co, contains phase information regarding the atmospheric distortions and 
will essentially trigger the diode laser oscillator of the broad area 
diode laser 

micro- phase conjugator 334 to pump the encoded phase conjugate 
beam 

via intracavity nondegenerate four wave mixing (NDFWM) (which is 
discussed in detail below) . Encoding of the phase conjugate beam at 
approximately 1 kHz to approximately 10 GHz (...approximately 10 GHz) 
rates is accomplished by 

modulating the current to the broad area diode laser micro- phase 

conjugator 334. Sensor head 314 collects the data which is to be 
transmitted in cooperation with... 

.and over again) or may be triggered by a sensor (not shown) which 
detects the interrogating beam 302. Encoded data 330 is sent from the 
encoder 328 to the drive current controller 338. The drive current 
controller 338 modulates the encoded data onto the interrogating beam 
302 in the broad area diode laser micro- phase conjugator 334 by 
controlling the current to the broad area diode laser micro- phase 

conjugator 334 . An encoded phase conjugate beam 306 is 
transmitted 

back on the same path as the - interrogating beam 302 to the 

transceiver 

320. The probe beacon telescope 324 at the transceiver 320 collects the 
encoded phase conjugate beam 306, separates it from the outgoing 

interrogating beam with a fiber optic circulator (not shown) and 
transmits 

the signal to an optical receiver... 
. kilometers to approximately 

25 kilometers in remote interrogation of the broad area diode laser micro 

phase conjugator 334 from an aerial mobile platform; and 
approximately 

100 to approximately 5000 kilometers in satellite... 
.interact with two intracavity, counterpropagating 

pump waves 402,404 at frequency co, will generate a phase conjugate 
beam 306 at a frequency, co, equal to 2cod-o) , . Phase conjugation 

by four 

wave mixing in laser diodes uses the intracavity laser beams 
402,404 as 

pump beams for the four wave mixing process. The nonlinear 
susceptibility involved in the four wave mixing... 

.waves. Broad-area, angle-distributed feedback lasers are 

device structures that are well-suited for phase conjugation via 

intracavity 

four-wave mixing. Lateral grating confinement in a broad area 
multimode waveguide results... 

.stable single longitudinal and transverse 

modes. Even when the wavefront is incompletely sampled by the phase 

conjugator 334, compensation of low frequency spatial components may 
be sufficient for automatic pointing and tracking. . . 

. gm) aperture. As discussed above, an aperture is the acceptance opening 
or input of a phase conjugate 

system. With these intense intracavity pump beams , all that is needed 
is 

an external interrogating signal beam to be injected into the cavity 
of the 

laser diode to produce efficient four wave mixing. The system and 
method described herein may achieve approximately 20 dB or greater 
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gains in phase conjugate signals with less than approximately 10 
nanoWatts (nW) of injected probe power. 

In the disclosed system and method, two dimensional phase 
conjugation may be used. (Typically. . . 

.the short direction). For high fidelity phase conjugation, 
the aperture of the broad area semiconductor laser diode 334 should 
resolve substantially all (or a 'substantial portion" of) the spatial 
components of the input wavefront of the interrogating beam . 

('Substantial portion' may be defined as greater than 60% and ideally 
greater than 80%). In ...stripes 

indicated by 501a, 502a, 503a, and 504a) in the broad area diode laser 
micro- phase conjugator 334 . The broad area diode laser micro- phase 

conjugator 334 utilizes aperture synthesis with a plurality of lasers 
to form 

a two dimensional array to sample the wavefront of the interrogating 

beam 302. The array may be formed a stacked single stripe devices or 
spaced apart to... 

. In this implementation, optical 

pump 520 is used to insure uniform gain across a large laser aperture, 
the 

external VCSEL resonator may control the spatial mode of the intracavity 
pump beams 522, while an external seed laser 523 (or lineriarrowing 
element) insures single longitudinal mode operation. The second 
resonator may be used to amplify the interrogating beam 302 and the 

phase conjugate beam 306. In a VCSEL, the interrogating beam 
302 and 

the optical pump beam are substantially parallel (and maybe 
collinear) . 

The potential for high fidelity wavefront correction, using a... three 
devices . 

Efficient optical coupling of the probe beacon into the optical 
semiconductor laser micro- phase conjugators (or ARMPC) is desired to 
producing phase conjugate transceivers with low prime power 
requirements. It primarily determines the amount of laser power 
required 

from the transceiver (or beacon) to initiate the communications link. 
Once the communications link is established, the phase conjugation 

process will 

guarantee that the coupling is optimal and alignment insensitive. The 
intrinsic greater than. . . 

.in the range of 

approximately 30 to approximately 40 dB gain) in the ARMPCs will 

produce a retroref lector beam with sufficient power to close the 
communications link over long ranges. Absolute power of the retro- beam 
is determined by the four-wave mixing conversion efficiency and the 
rated output power of the broad area laser diode used n the device. 

Optimally designed coupling optics should yield approximately 75 to 80... 
.divergence and narrow optical linewidths of both the 

interrogating laser beacon and its precisely pointed phase conjugate 
return, coupled with burst mode operation, may make the system 
substantially undetectable. When operating at... of pointing and tracking 
systems on the 

interrogated end of the laser communications link. The phase 
conjugating 

optical semiconductor laser micro- phase conjugator described herein 
are 

constructed to adaptively point and track the interrogating laser 
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beacon . 

The micro-phase conjugators may automatically seek out the intended 
receiver aperture within the. . . 

Claim 

station capable of receiving said interrogating 
beam; and 

said communication station having a plurality of phase 
conjugators arranged in an array. 

2 The system of claim 1 further comprising: 
said communication station. . . 

...said communication station is 

configured to respond to said interrogating beam by encoding data into 

phase conjugate beam in the plurality of semiconductor laser 
diodes and 

pumping the encoded phase conjugate beam by intracavity 
nondegenerate four wave mixing. 

4 The system of claim 3, wherein said encoding. . . 
. . . least four . 

10 The system of claim 1, wherein the apertures of the plurality 

of phase conjugators are sufficient to resolve a substantial portion 
of the 

spatial components of the input wavefront of the interrogating beam . 

11 The system of claim 1, wherein the apertures of the plurality 
of phase conjugators are sufficient to resolve greater than 
approximately 80% of the spatial components of the input wavefront of the 

interrogating 
beam . 

12 The system of claim 1, wherein the communication station 
does not have a movable... 

...claim 1, wherein the interrogating beam 

interacts with pump beams operating in the plurality of phase 
conjugators , 

at a substantially transverse angle. 

15 The system of claim 1, wherein the interrogating beam 
interacts with pump beams operating in the plurality of phase 
conjugators 

in a substantially parallel manner. 

16 The system of claim 1, wherein the transceiver is... 

...a communication station capable of receiving said interrogating 
beam; and 

said communication station having a phase conjugator with a 

top electrode, wherein an aperture is located in said top electrode. 

19 The. . . 

...18, wherein the interrogating beam 

interacts with at least one pump beam operating in the phase 
conjugator 

at a substantially transverse angle. 

20 The system of claim 18, wherein the phase conjugator... 

...a communication station capable of receiving said interrogating 
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beam; and 

said communication station having a phase conjugator which is 
a VCSEL. 

23 The system of claim 22, wherein the interrogating beam 
interacts with at least one pump beam operating in the phase 
conjugator 

in a substantially parallel manner. 

24 An optical interconnection system comprising: 
a fiber optic device... 

. . .micro-mirror adapted to receive said interrogating beam and 
transmit the beam to a predetermined phase conjugator . 

25 The system of claim 24, wherein said phase conjugator is a 
VCSEL. 

26 The. . . 

...24, wherein said interrogating beam 

interacts with at least one pump beams operating in the phase 
conjugator 

in a substantially parallel manner 1 . 

27 The system of claim 24, wherein said phase conjugator... 
...24, wherein the interrogating beam 

interacts with at least one pump beam operating in the phase 
conjugator 

at a transverse angle. 

30 The system of claim 24, wherein said predetermined phase 
conjugator . . . 

...communication station operatively coupled to said 

transmitting means and having a means for returning a phase conjugate 
beam to said transmitting and receiving means. 

35 A method comprising: 

transmitting an interrogating beam from a transceiver; 

receiving said interrogating beam at a communication station; 

encoding data onto a phase conjugate beam data and pumping 

the encoded phase conjugate reflectivity by nondegenerate four wave 

mixing; and 

transmitting the encoded phase conjugate beam back to the 
transceiver . 

36 A method comprising: 

transmitting an interrogating beam from a transceiver; 
receiving said interrogating beam at an array of phase 
conjugators ; 

modulating data onto a phase conjugate beam ; and 
transmitting the phase conjugate beam to said transceiver. 

37 The method of claim 36, further comprising: 
collecting data through a in each of said phase 

conjugators in a substantially parallel manner. 

39 The method of claim 36, wherein said interrogating beam 
interacts with at least on pump beam operating in each of said phase 

conjugators in a substantially transverse manner. 

40 A method comprising: 

transmitting an interrogating beam from a transceiver; 
receiving said interrogating beam at an array of phase 
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conjugators through apertures located in the top electrodes of the 
phase 
conjugators ; 

modulating data onto a phase conjugate beam ; and 
transmitting the phase conjugate beam to said transceiver. 

41 A method comprising: 

transmitting an interrogating beam from a transceiver; 
receiving said interrogating beam at an array of phase 
conjugators and 

resolving a substantial portion of the spatial components of the input 

wave front of the interrogating beam ; 

modulating data onto a phase conjugate beam ; and 

transmitting the phase conjugate beam to said transceiver. 

42 A method of providing an optical interconnect comprising: 
transmitting an interrogating... 

.micro-mirror across free 
space ; 

transmitting a second beam from micro-mirror to a 
predetermined phase conjugator . 

43 The method of claim 42, 

modulating data onto said second beam at said predetermined. 
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...SPECIFICATION cavity length. 

In conclusion, a new type of laser resonator was implemented that 
employs an intra - cavity phase plate and a diffractive mode-selecting 
mirror to produce large-diameter fundamental modes in. . . 

...order modes designed to effectively insure single-spatial-mode 
operation . 

A Laser Using Two Custom Phase - Conjugated Diffractive Mirrors 

A diffractive laser cavity mirror is described in the discussion for 
Figure 2 . . . 
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. . .ABSTRACT into the recording medium such that the signal light beam 
intersects with the reference light beam to produce an optical 
interference pattern with the reference and signal light beams within the 
recording medium. . . 

...opposite direction along the optical axis of the recording reference 
light beam to generate a phase conjugate wave from a refractive-index 
grating of the light interference pattern; a splitting portion for 
splitting the phase conjugate wave from the optical path of the 
signal light beam to image a dot pattern with the phase conjugate 
wave; a photo-detecting portion for detecting the dot pattern imaged with 
the phase conjugate wave to reproduce the image data. 

...CLAIMS lens and said converging lens; and 

during both the irradiation of the recording reference light beam and 
the production of the phase conjugate wave, forwarding a 
reproduced light from the real image to said converging lens to 
converge . . . 

. . .medium in such a manner that said reproduced light intersects with the 

recording reference light beam to produce an optical interference 
pattern of refractive index at a different portion away from said 
reproduction. . . 
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. . .ABSTRACT into the recording medium such that the signal light beam 
intersects with the reference light beam to produce an optical 
interference pattern with the reference and signal light beams within the 
recording medium. . . 

...opposite direction along the optical axis of the recording reference 
light beam to generate a phase conjugation wave from a 
refractive-index grating of the light interference pattern; a splitting 
portion for splitting the phase conjugation wave from the optical 
path of the signal light beam to image a dot pattern with the phase 
conjugation wave; a photo-detecting portion for detecting the dot 
pattern imaged with the phase conjugation wave to reproduce the image 
data . 
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...CLAIMS said second optical fiber and having a pass-band including the 
wavelength of the first phase conjugate beam , whereby noise 
produced by said optical amplifier is removed. 
15. An optical fiber communication system according to claim... a fourth 
end which correspond to an input end and an output end for the phas 
conjugate beam , respectively; 
the product of the average value of the chromatic dispersion and the 
length of said first optical... 
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. . .ABSTRACT A2 

A device for producing phase conjugation of electromagnetic 
radiation using stimulated Brillouin scattering (SBS) , comprising an SBS 
cell having a liquid. . . 

...aberrations created when the beam passes through an amplifying medium 
comprising the step of generating phase conjugation by SBS using a 
liquid perf luorocarbon as an SBS medium. Further, a method of producing 
an output laser beam comprising the steps of, generating an initial 
laser beam using a laser and phase conjugating the initial laser beam 
by SBS using a liquid perf luorocarbon medium as an SBS medium. . . 
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. . .ABSTRACT films (22X) coated on a light input end and a light output end 
to transmit phase conjugate waves a probe beam light source for 
injecting the probe beam into the light input end of the distributed 
feedback semiconductor laser (1), a current supplying... 
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...semiconductor laser (1) to oscillate a pump beams and a lens system (6) 
for extracting phase conjugate wave which is output from the light 
output end of the distributed feedback semiconductor laser (1) by 
injecting the probe beam into the distributed feedback semiconductor 
laser (1) which is oscillating the pump beam. 

...CLAIMS feedback semiconductor laser (1) to oscillate a pump beam; and 
means (8) for detecting said phase conjugate waves output from said 
optical output end of said distributed feedback semiconductor laser 
(1) by injecting said probe beam into said distributed feedback 
semiconductor laser (1) which is for oscillating said pump beam. 

2. . . 

...end of said distributed feedback semiconductor laser (1), whilst in an 
oscillation state, with a probe beam , so as to emit phase 
conjugate wave light from said optical output end. 
7. An optical dispersion compensating method comprising the... 

...fiber (2) into said optical input end of said distributed feedback 
semiconductor laser; and 
outputting phase conjugate wave light, which is output from said 

distributed feedback semiconductor laser (1) by inputting said probe 
beam , from a second optical fiber (4) having a length identical to 
that of said first optical fiber (1) after said probe beam has 
been restored to its original waveform by compensating said 
dispersion by being passed through. . . 
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. . . ABSTRACT a resonant electro-optical modulator and a source of 

radio-frequency (rf) modulation voltage, to produce a modulator output 
beam having sidebands spaced on each side of the nominal frequency of 
the single-mode laser... 

...modulator. In another embodiment of the invention, the modulator is 
installed in a PC MOPA ( phase conjugated master oscillator power 
amplifier) configuration to provide modulation only on the return path of 
the beam from a phase conjugation device having a stimulated 
Brillouin scattering (SBS) medium. Because the electro-optical modulator 
is sensitive ... 
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...CLAIMS beam from the master oscillator to said first Type II frequency 
doubler crystal (10) to produce an output beam having a second 
harmonic frequency component and a residual fundamental frequency 
component ; 

- then passing the... 
. . . crystal ; 

- amplifying the input beam from the frequency doubler; 

- reflecting the amplified input beam in phase conjugated form 
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from a phase conjugate cell (34); 

- cancelling substantially all aberrations introduced into the input 
beam in the frequency doubler. . . 
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. . .ABSTRACT Al 

A solid-state laser architecture producing a beam of extremely 
high quality and brightness, including a master oscillator (10) operating 
in conjunction with a zig-zag amplifier (16,30), an image relaying 
telescope (17) and a phase conjugation cell (20). One embodiment of 
the laser architecture compensates for birefringence that is thermally 
induced in the amplifier (16), but injects linearly polarized light into 
the phase conjugation cell (20). Another embodiment (19) injects 
circularly polarized light into the phase conjugation cell (20) and 
includes optical components that eliminate birefringence effects arising 
in a first pass . . . 
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...CLAIMS a combined signal; 

said nonlinear mixing device adapted to receive said combined 
signal from said beam combiner and to produce said mixing 
products of said pump signal and said one of said components of said 
optical signal, one of said mixing products representing a phase 
conjugate of said one of said components of said optical signal. 
9. The optical mixer of... 
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...CLAIMS pipe (38; 64; 100) such that they are subtantially parallel to 
each other. 

17. A phase conjugate , master oscillator-power amplifier apparatus 
having light source means (54) for producing a single coherent light 
beam (56), having beam splitting means (58; 76; 84) for splitting the 
single light beam (56) to produce a plurality of input light 
beams (56a-56c) and having power amplifier means (60; 90) for 
amplifying the input light beams (56a-56c), characterized by phase 
conjugate mirror means (68) for phase conjugating the input 
light beams (56a-56c) which emerge from the power amplifier means 
(60; 90) and reflecting the phase conjugated light beams back 
through the power amplifier means (60; 90), wherein further: 

optical light pipe... 

. . . and 

second optical means (66) are disposed between the light pipe 
means (64) and the phase conjugate mirror means (68) for 
focussing said combined light beams emerging from the second end of 
the light pipe means (64) into the phase conjugate mirror means 
(68) at a predetermined position therein and with a predetermined 
beam diameter. 

18. . . 
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. . . CLAIMS at the MO wavelength, whereby said first and second beam 

components interact at the second beam splitter to produce a 
constructive interference output beam, 

an optical amplifier positioned in the path of said constructive 
interference output beam to amplify said beam in a first amplifying 
pass, 

a phase conjugate mirror (PCM) positioned to receive the 
amplified beam and to direct a phase conjugate of the amplified 
beam back to said amplifier for a second amplifying pass, said phase 

conjugate beam being shifted from the input beam by a 
predetermined frequency shift and being directed from said amplifier 
back to said second beam splitter, said second beam splitter 
splitting the phase conjugate beam into first and second 
components directed by said beam directing means back to said at the 
phase conjugate beam wavelength, whereby said phase conjugate 
beam components undergo destructive interference at said first beam 
splitter back along said input path towards the MO, and constructive 
interference to produce an output beam along an output path which 
does not enter the MO. 
16. The MOPA of claim... 

...at the beam wavelength, whereby said first and second beam components 
interact at the second beam splitter to produce a constructive 
interference output beam, 

an optical amplifier positioned in the path of said constructive 
interference output beam to amplify said beam in a first amplifying 
pass, 

a phase conjugate mirror (PCM) positioned to receive the 
amplified beam and to direct a phase conjugate of the amplified 
beam back to said amplifier for a second am plifying pass, said 
phase conjugate beam being shifted from the input beam by a 
predetermined frequency shift and being directed from said amplifier 
back to said second beam splitter, said second beam splitter 
splitting the phase conjugate beam into first and second 
components directed by said beam directing means back to said. . . 

. . .paths differing in effective length by approximately an odd number of 

half-wavelengths at the phase conjugate beam wavelength, whereby 
said phase conjugate beam components undergo destructive 
interference at said first beam splitter back along said input path 
and constructive interference to produce an output beam along an 
output path which differs from said input path. 
27. The power amplifier of... 
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Self -pumped, optical phase conjugation method and apparatus using 

pseudo-con juga tor to produce retroref lected seed beam . 

...CLAIMS back into the respective media in coherent coupled relation with 
each other. 

26. An optical phase conjugation apparatus, comprising: 
a first non-linear optical medium; 

a second non-linear optical medium; 
pseudo . . . 

...conjugate beams in the first medium constituting reference beams; and 

means for directing an optical probe beam into the first medium 
at an angle relative to" the reference beams predetermined to generate 
a phase conjugate reflected beam through interaction of the 
probe beam with the reference beams. 

27. An optical phase conjugation apparatus, comprising: 
a first non-linear optical medium; 

a second non-linear optical medium; 

pseudo the first medium constituting reference beams; and 
means for directing a plurality of optical probe beams into the 
first medium at angles relative to the reference beams predetermined 
to generate respective phase conjugate reflected beams which are 
coherently coupled with each other through interaction of the probe 
beams with the reference beams. 

28. An apparatus as in claim 27, in which the probe beams are 
non-parallel to each other. 

29. An optical phase conjugation apparatus, comprising: 
a plurality of first non-linear optical media; 

a second non-linear optical... 
...conjugate beam in each first medium constituting reference beams; and 

means for directing an optical probe beam into each respective 
first medium at an angle relative to the reference beams 
predetermined to generate a phase conjugate reflected beam 
through interaction of the probe beam with the reference beams. 

30. A method of self-pumped phase conjugation of an optical... 

...pumped conjugate beams in the first medium constituting reference beams; 
and 

(c) directing an optical probe beam into the first medium at an 
angle relative to the reference beams predetermined to generate a 
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phase conjugate reflected beam through interaction of the probe 
beam with the reference beams. 

38. A method of optical phase conjugation, comprising the steps of... 

. . .beams in the first medium constituting reference beams; and 

(c) directing a plurality of optical probe beams into the first 
medium at angles relative to the reference beams predetermined to 
generate respective phase conjugate reflected beams which are 
coherently coupled with each other through interaction of the probe 

beams with the reference beams. 

39. A method of optical phase conjugation, comprising the steps of... 
. . .pumped conjugate beams in each first medium constituting reference 

beams; and 

(d) directing an optical probe beam into each of the respective 
first media at an angle relative to the reference beams predetermined 
to generate a phase conjugate reflected beam through interaction 
of the probe beam with the reference beams. ... 
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. . .ABSTRACT A2 

A system and method for producing relatively square laser pulses 
derived from relatively Gaussian laser pulses. The system (10) comprises 
a phase conjugate laser system that comprises a laser oscillator 
(11), an amplifying medium (15) and a phase conjugate mirror (18) 
having a nonlinear medium confined at a predetermined pressure. The 
mirror ( 18 ) is . . . 
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...that has a gas confined therein at a predetermined pressure. The plasma 
switch (12) and phase conjugate mirror (18) cooperate to truncate the 

laser pulse to produce a laser pulse having a relatively square 
shape. Controlling the pressures in the plasma switch (12) and phase 
conjugate mirror (18) provides a means of controlling the formation of 
square-shaped laser pulses. In... 

...15) to amplify the laser pulse. The amplified laser pulse is then 
reflected from a phase conjugate mirror (18) . The pressure in the 
phase conjugate mirror (18) is adjusted to a predetermined pressure to 
truncate the front portion of the laser pulse, thus producing a 
relatively square output pulse. Additionally, the relative length of a 
delay line (16) disposed... 

...CLAIMS amplifying path and adapted to rotate the polarization of an 
applied laser pulse. 

2. A phase conjugate laser comprising: 
a laser oscillator; 

a phase conjugate mirror having a nonlinear medium therein 
confined at a predetermined pressure that is adapted to... 

...of an applied laser pulse; 

an amplifying medium disposed between the laser oscillator and the 
phase conjugate mirror for amplifying an applied laser pulse; 
a plasma switch disposed between the laser oscillator... 

...at a predetermined pressure that is adapted to truncate a predetermined 
rear portion of the laser pulse to produce a laser pulse having 
a relatively square shape. 

3. A phase conjugate laser comprising: 
a laser oscillator; 

a phase conjugate mirror having a nonlinear medium therein 
confined at a predetermined pressure that is adapted to... 

...of an applied laser pulse; 

an amplifying medium disposed between the laser oscillator and the 
phase conjugate mirror for amplifying an applied laser pulse; 
a plasma switch disposed between the laser oscillator... 

...therein at a predetermined pressure that is adapted to truncate the rear 
portion of the laser pulse to produce a laser pulse having a 
relatively square shape; 

wherein the relative pressures employed in the phase conjugate 
mirror and plasma switch are determinative of the truncation of the 
laser pulse transmitted from the oscillator to the phase conjugate 

mirror and back, and which produces the laser pulse having a 
relatively square shape. 

4. A method of forming a square laser pulse... 
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...CLAIMS said gain medium (2; 16; 22) by modifying the SBS steady state 
gain coefficient of the gain medium during the application of 
said higher optical intensity to decrease the SBS gain 
coefficient and thereby increase the fidelity of the output beam (E( 
sub. . . 

...having a stimulated Brillouin scattering (SBS) gain coefficient g 

determining the strength of coupling between an input optical 
beam (E( sub(P))) and said gain medium (2; 16 ; 22), comprising 

a ) means for directing said input optical beam (E( sub(P))) having a 
first optical intensity... 

...during the application of said first optical intensity; 

b) means for increasing the optical intensity of the input optical 
beam (E( sub(P))) to a higher optical intensity, whereby SRS is 
dominated by SBS when. . . 
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...CLAIMS reference beam, and for combining said reflected beam portion 
with said reference beam to cause interference thereof and 
thereby provide said optical signal . 
26. An apparatus according to claim 25, further including a polarizing 
beam splitter (218) optically... 

...to claim 16, wherein said sideband stripping means comprises a partially 
transmitting mirror and two phase - conjugating mirrors each made 
of a material having a slow refractive index phase grating formation 
following light interference, said partially transmitting mirror and 
said first and second phase - conjugating mirror being arranged 
relative to one another such that said first phase - conjugating 
mirror reflects said second scattered beam portion onto said 
partially transmitting mirror which in turn reflects same onto said 
second phase - conjugating mirror to obtain a reflected 
sideband-free beam portion defining said reference beam. 
30. An. . . 
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. . .ABSTRACT A2 

A method for iterative phase conjugation adaptive reduction of 
phase aberration effects upon the time delays necessary for formation of 
a . . . 

...from a large collection of scatterers, contained in a portion of the 
medium to be investigated , a probe beam for that beam angle 
(theta) . The received signals from each of the (N-l) pairs of adjacent 
transducers are cross-correlated to derive a like number of phase 
conjugation correction signals, which are then arithmetically operated 
upon to provide a time correction for the time delay associated with each 
probe beam transducer, for that range R and angle (theta) . The time 
correction for each transducer then. . . 

...iterations, with each excitation made with the most recent corrected 
delays values, better focuses the interrogating beam , until, after a 
selected number of iterations, actual imaging data can be obtained with 
minimal . . . 



. . . CLAIMS a probe beam originating from the plurality N of transducers; 

(b) cross-correlating, for each probe beam , the received 
signals from a k-th one, where K=k<=N, of the transducers... 

...of adjacent ones of all N transducers to produce a like number (N-l) of 
phase conjugation correction signals (DELTA) (phi) ( sub(k)); 

(c) arithmetically operating upon the plurality of phase 
conjugation correction signals (DELTA) (phi) ( sub(k)) to produce a 
time correction (DELTA) t( sub (j (theta) ) ) for the time delay 
associated with that one probe beam at an angle (theta) and 
transducer j for that range R; 

(d) then modifying by. . . 

...to the j-th ones of the (DELTA) (phi) ( sub(k)) terms to provide the 

phase conjugation correction signal (phi) ( sub (j (theta) ) ) for the 
j-th transducer of the probe beam . 
9. The method of claim 6, wherein for each transducer 1 through (N-l), 
step... and for converting energy reflected thereto to a signal 
therefrom, comprising: 

means for causing a probe beam from each different and 
sequential one of a selected set of probe beams to reflect from 
scatterers naturally contained in at least a portion of the media to 
be investigated and be received by substantially all transducers of 
the array; 

phase conjugation processing means for cross-correlating, for 
each probe beam , the received signals from each k-th one, where 
K=k<=N, of the (N-l) successive pairs of adjacent transducers to 
produce a like number of phase conjugation correction signals 
(DELTA) (phi) ( sub (k) ) ; 

means for arithmetically operating upon the plurality of phase 
conjugation signals (DELTA) (phi) ( sub(k)) to produce a time 
correction (DELTA) t ( sub ( j (theta. . . 



.and focused substantially to range R; 

means for causing at least one additional iteration of probe 



November 5, 2002 



beam irradiation, reflection reception and processing to further 
modify the time corrections of at least one. . . 

...the j-th ones of the (DELTA) (phi) ( sub(k)) data signals to provide the 
phase conjugation correction signal (phi) { sub ( j ( theta Y) ) for the 
j-th transducer last providing a probe beam at angle (theta) . 
19. The apparatus of claim 15, wherein each processing means further 
includes . . . 

...to the j-th ones of the (DELTA) (phi) ( sub(k)) terms to provide the 

phase conjugation correction signal (phi) ( sub ( j (theta )) ) for the 
j-th transducer of the probe beam . 
9. The method of claim 6, wherein for each transducer 1 through (N-l), 
step. . . 

...and for converting energy reflected thereto to a signal therefrom, 
comprising 

means for causing a probe beam from each different and 
sequential one of a selected set of probe beams to reflect from 
scatterers naturally contained in at least a portion of the media to 

...be received by substantially all transducers of the array; and 
characterized in that it comprises 

phase conjugation processing means for cross-correlating, 
for each probe beam , the received signals from each k-th one, 
where K=k<=N, of the (N-l) successive pairs of adjacent transducers 
to produce a like number of phase conjugation correction signals 
(DELTA) (phi) ( sub (k) ) ; 

means for arithmetically operating upon the plurality of phase 
conjugation signals (DELTA) (phi) ( sub(k)) to produce a time 
correction (DELTA) t ( sub(j (theta. . . 

...and focused substantially to range R; 

means for causing at least one additional iteration of probe 
beam irradiation, reflection reception and processing to further 
modify the time corrections of at least one... 

...the j-th ones of the (DELTA) (phi) ( sub(k)) data signals to provide the 
phase conjugation correction signal (phi) ( sub (j (theta )) ) for the 
j-th transducer last providing a probe beam at angle (theta) . 
19. The apparatus of claim 15, wherein each processing means further 
includes . . . 
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. . .CLAIMS Bl 

1. A self-pumped phase conjugate mirror (PCM), comprising: 

a crystal (18) formed from a photorefractive material and adapted 
to receive an optical probe beam (20); beam deflection means 
(26, 28) adapted to deflect an output beam (24) as a return beam (30) 
through said crystal (18) at a return angle (A) to the probe beam 
(20) within the crystal (18) which is sufficiently small to induce a 
phase conjugate (32) of said probe beam (20); characterized by 

means (14, 16, 8) for applying an alternating electric field to 
said, . . 



...said intensity pattern and photorefractive index grating resulting from 
the interference of said deflected return beam (30) and said probe 

beam (20) within said crystal, wherein said shift between said 
intensity pattern and said photorefractive index. . . 

...photorefractive material having an electro-optic coefficient not high 
enough to inherently sustain self-pumped phase conjugation . 
2. The self-pumped PCM of claim 1, said photo refractive material 
having an electro... 

...less than the index grating formation time of the crystal material. 

7. A self-pumped phase conjugate mirror (PCM), comprising a body 
(18) formed from a photorefractive material and adapted to receive an 
optical probe beam (20); 

external beam deflection means (26, 28) adapted to deflect said 
probe beam (20) which has been transmitted through said body (18) 
at a predetermined return angle to the probe beam (20) back 
through the body (18) to induce a phase conjugate (32) of the 
probe beam (20); characterized by further comprising 

means (8, 14, 16) for applying an alternating electric field... 
...photorefractive material has an electro-optic coefficient not high 

enough to inherently sustain self-pumped phase conjugation and 
in that said phase conjugate of the probe beam (20) is 
induced without external pump beams 

8. The self-pumped PCM of claim 7... 

...the body (18) of less than about 5 (degree). 

10. A method of forming a phase conjugate of a probe optical 
beam (20), comprising: 

directing the beam through a photorefractive crystal (18) in a 
first direction; 
directing. . . 

...a suffiently small angle to the first direction within the crystal (18) 
to induce a phase conjugate of said probe optical beam (20); 
characterized by the further steps of 

applying an alternating electric field across the crystal... 



November 5, 2002 



...said intensity pattern and photorefractive index grating resulting from 
the interference of said deflected return beam (30) and said probe 

beam (20) within said crystal, wherein said shift between said 
intensity pattern and said photorefractive index... 
. . .photorefractive material has an electro-optic coefficient not high 
enough to inherently sustain self-pumped phase conjugation . 
11. The method of claim 10, the probe optical beam (20) comprising a 
continuous wave. . . 
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...ABSTRACT path to the reference beam I, II. The object beam III 
interferes with the reference beam I, II to produce a phase 
conjugate which is returned along the path of the object beam. A beam 
splitter (9) directs the phase conjugate beam onto an image 
observation device (10). ... 

...CLAIMS a diffusely reflecting object (15) using a four wave mixing 
technique, the apparatus comprising: 

a laser source (1) for producing a pulsed laser beam ; 
a non-linear optical element (12) for producing a phase 
conjugate wave in accordance with a beam incident on it; 
a first beam splitting means (2) for... 
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...7) for guiding the object beam (III); 

a third guide means (9) for projecting the phase conjugate 
object wave from the non-linear optical element (12) onto image 
observing means (10); characterised in that the second guide means 

(7) include beam expanding means for illuminating the object, and a 
focusing lens (11) for... 
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...CLAIMS beams having a wavelength in the infra-red region of the 
electromagnetic spectrum. 
8 . A phase conjugate mirror when used in a device according to any 
one of the preceding claims 3-7 wherein said device has means for 
producing at least two laser beams and one other beam which are 
incident upon the optical medium, thereby giving rise... 
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Claim 

a first beam multiplexer connected to receive the input laser beam 
from said coupler to produce a plurality of beams , 

a plurality of fiber amplifiers to receive respectively said plurality of 
beams and amplify said. . . 

...beams to combine said amplified plurality of beams into a resultant 
amplified 
beam, and 

a phase conjugate mirror arrangement, including a further fiber 
amplifier, said phase conjugate mirror arrangement having an input 
receiving said resultant amplified beam, said phase conjugate mirror 
arrangement providing a loop path for said resultant amplified beam in 
which said resultant amplified beam is further amplified and phase 
conjugated with said resultant amplified beam received at the input of 
said phase conjugate mirror arrangement thereby eliminating any phase 
and polarization distortions and aberrations occurring in said fiber 
amplifiers, 

said phase conjugate mirror arrangement producing an output beam 
which is supplied in reverse direction through said second. . . 

. . .method as claimed in claim 8, wherein said single resultant 

amplified beam supplied to said phase conjugate mirror arrangement 
passes through a non-linear cell to an amplifier which produces an 
amplified. . . 

...said amplified output signal from said amplifier back to said non-linear 
cell whereat a phase conjugated beam is produced which passes in 
reverse direction in said loop for output therefrom as said output beam 
from said phase conjugate mirror arrangement. 
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Claim 

The apparatus defined by Claim 1, further comprising: 
. a driving device configured and positioned to produce a driving beam 
directed to said broadband coherent beam generator to cause the 
production of the broadband 
coherent . . . 
. . .driving device 

comprises a Raman cell filled with a gas and generating a 
backward-propagating, phase - conjugate beam of Raman radiation 
comprising the driving beam in response to receiving the first narrowband 
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Claim 

. . . line of microphones with either equal or different inter-microphone 1 
5 separations, and use beam forming principles to produce one or more 
beams with sharp directivity in one or more directions. Surround sound 
systems offer the potential for... 6) 

2 2 

The second term consists of a negative frequency complex plane wave with 
conjugate phase and the same positive wavenumber ko propagating in the 
opposite direction 00 + /r . The spectrum. . . 
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English Abstract 

...laser produces bi-directional light pulses that interact in such a way 
that they are phase conjugated . A nonlinear substance, such as a 
nonlinear crystal (4) or fluid (CS/2), that has... 

...refraction that is dependent upon light intensity is located near a beam 
waist of the laser cavity to produce a self-lensing effect. Methods 
for reducing dead band beyond observable limits are also provided. . . 
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Claim 

. . . between the beams, 

22 The system of claim 21, said PR material com 

prising a phase conjugating medium, wherein said beams 
are arranged to produce a phase conjugate of one of the 

beams from said medium. 

23 The system of claim 22, implemented. . . 
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Claim 

third optical path; 
optics disposed along said third optical 
path for collimating said amplified pc beam , produc 
ing the J @profiled beam; 

phase conjugation means disposed at ter 
mination of the first and second optical paths and at 
the. . . 

...profiled light; 

optics disposed along said second optical 
path for the purpose of forming a probe beam and 
backward pump beam from the higher intensity segment 
and to focus said beams into. . . 

...third optical path; 

optics disposed along said third optical 

path for collimating said amplified pc beam , produc 

ing the JO@profiled beam; 

phase conjugation means disposed at ter 
mination of the first and second optical paths and at 
the beginning of the third optical path for encoding 
the probe beam with the transverse intensity profile 
of the forward pump beam, 
o Apparatus comprising: 

oscillator means ... along the first optical path for 
receiving the encoded coherent light, substantially 
amplifying it, and phase conjugating it; 
optics disposed along the first optical path 
in order to redirect the pc beam. . . 

. . .profiled light; 

optics disposed along said second optical 

path for the purpose of forming a probe beam and 

forward pump beam from the higher intensity segment 

and to focus said beams into... third optical path; 

optics disposed along said third optical 

path for collimating said amplified pc beam , produc 

ing the Jo-profiled beam; 

phase conjugation means disposed at ter 
mination of the first and second optical paths and at 
the beginning of the third optical path for encoding 
the probe beam with the transverse intensity profile 
of the backward pump beam. -1 g 
6e Apparatus comprising. . . 
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English Abstract 

...laser (82) is fed into a Brillouin-enhanced four wave mixer (88) which 
generates a phase conjugated seed beam in counterpropagation with the 
input beam. A Brillouin amplifier (86) is provided between. . . 

...from the input beam (Ep) to the seed beam (Ec) and thereby amplify the 
seed beam to produce a phase conjugated output beam with 
approximately 50 % of the energy of the input beam and narrow bandwidth 



.associated with the acoustic noise generally required to initiate and 
sustain stimulated Brillouin scattering. The phase conjugated output 
beam can be modulated or steered in direction, as desired. Reference 
beams for the . . . 
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a first dynamic interference pattern 
between the object beam and the first set of reference 
beams to produce a phase - conjugate object beam; 

(c) creating a dynamic interference pattern between 

io the phase - conjugate object beam and the second set of 
reference beams to produce a reconstructed object beam ; 
and 

(d) directing the reconstructed object beam into the 
first dynamic interference pattern to enable... 

..reference beams and the object 

2o beam initially, the reconstructed object beam 
subsequently, and the phase - conjugate object beam, 
respectively. 

3* A method as recited in claim 2. wherein the at 
least . . . 

. .e) comprises adjusting an angular 

relationship between at least one of the reconstructed 
5 and phase - conjugate object beams and the first and second 
sets of reference beams, respectively. 
8e A method. . . 
..recited in step 11 further 

comprising the step of processing at least one of the 

phase - conjugate object beam and the reconstructed object 
beam . 

9 An apparatus for storing a holographic image... 
. . a first dynamic 

interference pattern between the object beam and the 

first set of reference beams to produce a phase - conjugate 

object beam; 

second pattern means for creating a second dynamic 

20 interference pattern between the phase - conjugate object 

beam and the second set of reference beams to produce a 

reconstructed object beam ; and 

directing means for directing the reconstructed 

object beam into the first dynamic interference pattern... 
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Claim 
... a 

phase conju Ate mirror (PCM) which o erates upon an input 
9 P 

optical beam to produce a phase conjugate output beam, the 
fidelity of the output beam to the input beam decreasing 
with increasing. . . 

...a gain medium whose stimulated 

Brillouin scattering (SBS) gain coefficient is sufficient 
ly low to produce an output beam whose f idelity to the 
input beam is at least equal to a desired amount... 
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Claim 

alternating 

field frequency for the first PCM, and means for sensing 
frequency differences between the phase conjugated output 
beams of the two PCMs to detect the modulation applied to 
alternating field for. . . 

...medium between the mirror and PCM, , the mirror,, PCM and 
- 21 

gain medium comprising a phase conjugate laser, wherein 

the modulating means is adapted to modulate the electric 

field within the PCM... the transfer of energy from the first to the 

second beam, 

22* A self-pumped phase conjugate mirror (PCM), 
comprising: 

a crystal formed from a photorefractive material 
adapted to receive a first... 

...a return angle to the f irst beam path within the 

body at which a phase conjugated output beam is produced , 

and 

means for modulating the alternating electric 
field to encode information onto the output beam. . . 

...at least one second optical beam to the 

body to cross-couple with the first beam and produce a 

...returning the first beam through the body at a return 
angle to the f irst beam to produce an output beam as a 
phase conjugate of the first beam, thereby providing 
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self-pumped conjugate reflection of the first beam. - 24... 
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English Abstract 

A self-pumped phase conjugate mirror and method in which an optical 
beam (20) is applied to a crystal (18... 

...back into the crystal as a return beam (30) to cross-couple with the 
input probe beam (20) and an alternating electric field is applied 
across the crystal to establish a photorefractive... 

...shift of about 90degrees and bring the crystal gain up to a level at 
which phase conjugation takes place. By a suitable selection of field 
strength and frequency, and an angle between the probe and return 
beams within the crystal of less than about Sdegrees (3degrees for 
GaAs), semiconductor materials with electro... 

Claim 

la A self-pumped phase conjugate mirror (PCM), 
comprising : 

a crystal formed from a photorefractive material 

and adapted to receive an optical probe beam , 

means for applying an alternating electric field 

to the crystal of sufficient magnitude and frequency. . . 

. . . shift of about 

901 within the crystal, and 

beam deflection means adapted to deflect a probe 
beam back through the crystal at a return angle to the 
probe beam within the crystal which is sufficiently small 

to induce a phase conjugate of the probe beam . 2a. The 

self -pumped PCM 'of claim 1, said photo 

refractive material having an electro... 

...deflection means deflecting the -return beam back through 

the crystal at an angle to the probe beam within the 

crystal of less than about 50, 

So The self -pumped PCM of claim. . . 
...but less than the grating formation 

time of the crystal material. 

7e A self-pumped phase conjugate mirror (PCM), 
comprising : 
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a body formed from a photorefractive material 
and adapted to receive an optical probe beam , 
means for establishing a photorefractive index 
grating shift of about 901 within the body, and. . . 

...which has been transmitted through the PCM body at a 

predetermined return angle to the probe beam back through 

the body to induce a phase conjugate of the probe beam . So The 

@self-opumped PCM of claim 7, said photorefractive material comprising a 

semiconductor . 

9. . . 

. . . for directing the return 

beam back through the photorefractive material at an angle 
to the probe beam within the body of less than about 5'. 

10 A method of forming a phase conjugate of a probe 

optical beam , comprisirig: 

directing the beam through a photorefractive 
crystal in a first direction, 
establishing a photorefractive... 

...at a sufficiently small angle to 

the first direction within the crystal to induce a phase 

conjugate of the input beam, 
llo, The method of claim 10, the probe optical beam 
. I 

comprising a continuous wave laser beam. 

12* The method of claim 10, said photorefractive... 
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Claim 

stored-image-associated reference 
beam and where the hologram has the properties of 
providing a probe -reference beam in response to a 
probe image being incident thereon and, in a 
reciprocal manner, prdviding the probe image in 
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response to the probe -reference beam being incident 
thereon; 

a first phase conjugate mirror; 
first light path means for conveying the 

probe reference beam provided by the hologram to the 
first phase conjugate mirror and for conveying back 
to the hologram a phase conjugated probe reference 

beam generated by the first phase conjugate mirror; 
a second phase congugate mirror; 
second light path means for conveying the 
probe image provided by the hologram to the second 

phase conjugate mirror and for conveying back to the 
hologram a phase congugated probe image generated by 
the second phase conjugate mirror; 
third light path means for conveying the 
input image to the hologram as a probe image; and 
fourth light path means for conveying the 

phase conjugated probe image generated by the second 

phase conjugate mirror to an output image viewing 
30@ plane. 

2 The apparatus of Claim 1 in which the 

first phase conjugate mirror further includes 

threshold means for conveying back 1 to the hologram a 

phase conjugate of only those components of the probe 
reference beam which exceed a predetermined threshold 
level of beam intensitys 

3e The apparatus of Claim 2 in which the 
first light path means includes means for focusing 
the probe reference beam provided by the hologram 
onto the first phase conjugate mirror. 

4 The apparatus of Claim 2 in. which the 

first phase conjugate mirror is a phase conjugate 

mirror with amplification which provides a phase 
conjugate probe reference beam having a greater 

amplitude than the corresponding probe reference 
beam . 

5 The apparatus of Claim 4 in which the 

amount of amplification is sufficient to . . . stored-image-associated 
reference 

beam and where the hologram has the properties of 

providing a probe reference beam in response to a 

probe image being incident thereon and, in a 

10- reciprocal manner, of providing the probe image in 

response to the probe reference beam being incident 

thereon; 

a phase conjugate mirror; 

first light path means for conveying the 
probe reference beam provided by the hologram to the 
phase conjugate mirror and for conveying back to the 

hologram a phase conjugated probe reference beam 

generated by the phase conjugate mirror; 

second light path means for conveying the 

probe image provided by the hologram to the phase 
conjugate mirror and for conveying back to the 

hologram a phase conjugated probe image generated by 

the phase conjugate mirror; 

third light path means for conveying the 

input image to the hologram as a probe image; and 

fourth light path means for conveying the 
phase conjugated probe image generated by the phase 
conjugate mirror to an output image viewing plane. 
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10 The apparatus of Claim 9 in which the 
phase conjugate mirror further includes threshold 

means for conveying back to the hologram a phase 
conjugate of only those components of the probe 

reference beam which exceed a predetermined threshold 

level of beam intensity. 

The apparatus of Claim 10 in which the 

first light path means includes means for focusing 

the probe reference beam provided by the hologram 

onto the phase conjugate mirror. 

12 The apparatus of Claim 10 in which the 

phase conjugate mirror is a phase conjugate mirror 
with amplification which provides a phase conjugated 

probe reference beam having a greater amplitude than 
the corresponding probe reference beam . 

13 The apparatus of Claim 12 in which the 
amount of amplification 'is sufficient to... 
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English Abstract 

...substantially overlaps said first beam of light within said MQW 
structure. At least one output phase conjugate beam of light is 
produced by interaction of said first and said second beams of light 
with said multiple quantum well structure. An alternate embodiment has 
two counterpropagating pump beams and a probe beam of light which 
produce a backward scattered phase conjugate beam of light. 

Claim 

and the multiple layer 
heterostructure being on a single substrate, 

30 Method of generating a phase conjugate light 
beam, 

CHARACTERIZED BY 

a) providing ...pump beam of light so that 

it propagates through the MQW structure; 

c) directing a probe beam of light so that it 

yf f f zv@ 

0 
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- 45 

propagates through the MQW and substantially overlaps... 
...light within the MQW structure so that a 

first output beam of light which is phase conjugate to the 
probe beam of light is generated within the MQW and 
propagates away from the MQW. 

31 Method. . . 

. . .pump beam of light and 

substantially overlaps the first pump beam of light and 

the probe beam of light within the MQW structurer so that 

the first pump beam, the second pump beam and the probe 

beam interact with the MQW structure and produce at least 
one second output beam of light which is phase conjugate to 
the probe beam of light and which propagates away from the 
MQWO 
Wipo 

I @ T . A four-wave . . . 

...first beam of light (550) within the MQW structure so 
that at least one output phase conjugate beam of light 
(560) is produced by interaction of the first (550) and the 
second. . .material has a mimimum bandgap value of 0.73eV. 
4 8 . Method of generating a phase conjugate light 
beam, comprising 

a) providing a multiple quantum well (MQW) 
structure as a nonlinear optical. . . 

, . .beam of light so that 

it propagates through the MQW Structurer and 

c) directing a probe beam of light so that it 

propagates through the MQWr 

CHARACTERIZED BY 

the probe beam of light is directed to 

substantially overlap the first pump beam of light within 

the. . . 

. . . of light is 

generated within the MQW and propagates away from the MQW 
which is phase conjugate to the probe beam of light. 

33 Method according to claim 30, 
CHARACTERIZED BY 
directing a second pump beam. . . 
. . .pump beam of light and 

substantially overlaps the first pump beam of light and 

the probe beam of light within the MQW structure, so that 

the first pump beam, the second pump beam and the probe 

beam interact with the MQW structure and produce at least 
one second output beam of light which is phase conjugate to 
25 the probe beam of light and which propagates away from the 
MQW 6 
rX 
NA 



